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SI 1 -Scaling of diffusivity and microbial growth kinetics to groundwater temperatures
Diffusion coefficients for acetic acid (12.9·10 -10 m 2 ·s -1 at 25°C) and toluene (8.5·10
-10 m 2 ·s -1 at 20°C) have been taken from the CRC Handbook of Chemistry and Physics [1] and converted to 10°C according to this simple temperature correction equation
! ! ! ! following from the Stokes-Einstein equation, where the indices refer to the two different temperatures, is the Diffusion coefficient, is the absolute temperature and is the dynamic viscosity of water taken from Korson [2] .
In order to estimate specific growth rates of indigenous groundwater bacteria adapted to low temperatures, it is not sensible to use the dependence of specific growth rate on temperature for a given bacterium that grows optimally at higher temperatures. This is because it is likely that low temperature adapted bacteria will have evolved to have a higher specific growth rate at low temperatures than an unadapted mesophilic bacterium. Therefore, a linear regression of the optimal specific growth rates of nine species of bacteria versus their optimal growth temperature, reported in Mohr [3] and listed in SI Table 1 , was performed (range of 14-44°C). The linear regression of normalized specific growth rates versus temperature (0.0304·°C -0.3255; R 2 = 0.89) is shown in Figure S1 and correction factors for specific growth rates are indicated in SI Table 2 .
These correction factors can be used to adjust specific growth rates and substrate halfsaturation constants measured with mesophilic model bacteria under laboratory conditions to the temperature in question. Since we did not find useful empirical data or theories for the temperature dependence of substrate affinity, we assumed that substrate affinity does not change with temperature. Substrate affinity was defined by Button [4] to be the initial slope of the Monod kinetics, i.e. the ratio of µ max /K S . Therefore, in order to keep substrate affinity constant, the half-saturation constant (K S ) has to be scaled by the same factor as the specific growth rate (µ max ). Further, we assumed that growth yields are not dependent on temperature. These adjustments were applied to derive the temperature-adjusted kinetic parameters in SI 2. [5] , [6] , as well as densities of 1·10 6 to 3·10 10 cells L -1 of groundwater [7] , [8] . In contaminated aquifers, 10 7 to 3.3·10 12 cells g -1 were reported [9] , [10] , as well as 6.6·10 7 to 1·10 9 cells L -1 of groundwater [11] , [12] .
SI
In order to combine values for suspended cells sampled by pumping water out of wells with those taken from sediment cores, a few transformations were necessary. Generally, porosity in porous groundwater is assumed to be 30% [13] ; thus, an aquifer block of 1 m 3 contains 300 L of water and 700 L of solids. Therefore, values for suspended cells account for only 30% of the volume of an aquifer block. Values related to mass of sediment also have to be density-corrected before relating them to an aquifer block -we assumed 1 g of sediment to take up 6·10 -7 m 3 [14] . The crosssection area of the simulated pore channel in COMSOL was 10 -7 m 2 . Assuming again a porosity of 30%, the simulated domain corresponds to a volume of an aquifer block of ca. 6 
Kinetics
The chosen initial concentration of 1.8 g · m -3 is the toluene concentration that can be aerobically degraded before oxygen starts to become rate limiting. The oxygen halfsaturation constant of toluene degrading Pseudomonas putida F1 in batch culture at 20°C is 1.1 g · m -3 [15] . An oxygen concentration five times this half-saturation constant, i.e. 5.5 g · m -3 O 2 , will hardly be rate limiting. Air saturated water contains 11.18 g · m -3 dissolved oxygen at 10°C [16] . Thus, 5.68 g · m -3 oxygen can be consumed before oxygen becomes rate limiting. This can be converted into toluene consumption based on the theoretical oxygen demand of toluene respiration of 9 O 2 per toluene and the molecular masses of the compounds, giving 3.13 g COD ·g toluene -1 . Thus, 5.68 g oxygen · m -3 / 3.13 g oxygen · g toluene -1 = 1.8 g toluene · m -3 can be aerobically degraded before oxygen limitation becomes noticeable.
In order to obtain realistic parameters for the degradation rates of acetate and toluene in the groundwater environment, we compiled measured kinetics of many bacteria and selected the organism that would be most competitive below the chosen substrate concentration for the inlet. This was achieved by plotting specific growth rates as a function of substrate concentration for 10 different species growing on toluene as the curves were intersecting, making comparison of the kinetic constants complicated.
The most competitive toluene degrader at low toluene concentrations was Pseudomonas putida R1, with a maximal specific growth rate of 0.504 h -1 and a halfsaturation constant of 0.1 g · m -3 [17] . For acetate, comparing the only two complete sets of kinetic parameters we found gave a clear answer without plotting the curves. The kinetics reported for Cycloclasticus oligotrophus (maximal specific growth rate 0.19 h -1 , half-saturation constant of 1400 µM [18] ) was inferior to the kinetics reported for Comamonas testosteroni (maximal specific growth rate 0.43 h -1 , halfsaturation constant of 4.3 µM [19] ).
After choosing the kinetics of the most competitive species, the specific growth rates µ max were converted into specific substrate conversion rates k max according to their relationship with the growth yield Y S :
Moreover, the specific growth rates and K S values were scaled to the temperature of 10°C as described in SI 1.
The kinetics for acetate degradation were derived as follows. The kinetics were measured at 30°C [19] . The measured specific growth rate and K S were back calculated to the values at a groundwater temperature of 10°C as described in SI 1, i.e., both parameters drop to 0.392-fold their original values when the temperature drops by 20°C (SI Table 2 ). We assume that the specific substrate affinity defined by Button [20] as ! = !"# ! , i.e. the initial slope of the Monod kinetics, does not change with temperature. The k max value in Table 1 [19] .We assume that the yield does not change with temperature.
The kinetics for toluene degradation were derived as follows. The kinetics were measured at 25°C [17] . The measured specific growth rate and K S were back calculated likewise according to SI 1, i.e., both parameters drop to 0.544-fold their original values when the temperature drops by 15°C (SI Table 2 ). The k max value in Table 1 in the main paper (6.35·10 -5 g toluene · g drymass -1 · s -1 ) was calculated from the specific growth rate at 10°C (7.62·10 -5 s -1 ) and the yield (1.2 g drymass · g toluene -1 ) for Pseudomonas putida R1 [17] .
The mass fraction of degraded acetate (SI Figure 2) and toluene (SI Figure 3) in terms of the volume-averaged concentration depended on microbial numbers, biomass setup, as well as flow velocity. 
